ABSTRACT. Preeclampsia affects 3-8% of pregnancies and is a major cause of maternal and perinatal morbidity and mortality worldwide. Inappropriate activation of the renin-angiotensin system may play a role in the development of preeclampsia. An insertion/ deletion polymorphism in the angiotensin-converting enzyme gene (ACE-I/D) has been associated with differences in ACE activity. However, there are controversies in reports on the association of ACE-I/D with preeclampsia. Data were analyzed using Review Manager Version 5.0 and a random effects model was applied irrespective of between studies heterogeneity, which was evaluated via sensitivity and subgroup analyses. Publication bias was evaluated using the fail-safe number. A systematic search was performed based on published case control studies up to October 1, 2011, and 11 studies were included, involving 800 patients and 949 controls. Significant association of the ACE D allele with increase risk of preeclampsia was found (odds ratio = 1.93, 95% confidence interval = 1.19-3.12; P = 0.008). Sensitivity analysis showed that no individual study had an undue influence on the ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (3): 2268-2276 (2012) Angiotensin-converting enzyme polymorphism and preeclampsia 2269 summary odds ratios for all contrasts. An analysis stratified by study size showed an attenuated odds ratio towards a null effect as study size increased. Based on our meta-analysis, we suggest that the D allele of the ACE gene is related with increased risk for preeclampsia in the Chinese population. Considering the potential existence of small study bias, further research should be performed with a larger dataset.
INTRODUCTION
Preeclampsia (PE) is a pregnancy-related disorder characterized by hypertension and proteinuria after 20 weeks of gestation. It affects approximately 3-8% of pregnancies worldwide and is a significant source of maternal and perinatal mortality and morbidity (WHO, 2005) . A familial predisposition to PE has been documented, and both men and women who were the offspring of a pregnancy complicated by PE are significantly more likely to have a pregnancy complicated by PE (Esplin et al., 2001) . Although a genetic susceptibility to PE has been established with both maternal and fetal genes and a number of association studies have been performed, the results are inconsistent, and the causative genes involved in PE have yet to be identified (He et al., 2009; Tan et al., 2009) .
The rennin-angiotensin-aldosterone system is a hormone system that regulates blood pressure and water balance, which play a role in the development of many cardiovascular disorders, including PE (Schmieder et al., 2007) . When blood volume is low, angiotensinconverting enzyme (ACE) hydrolyzes angiotensin I to angiotensin II, a strong vasoconstrictor, increasing blood pressure (Admiraal et al., 1990) . A common 287-bp Alu repeat sequence insertion or deletion (I/D) within intron 16 in the ACE gene has been reliably associated with substantial differences in the plasma ACE concentration, whereas the mean plasma ACE level of DD subjects was about twice that of II individuals (Tiret et al., 1992) . Thus, the polymorphism has been considered a strong candidate for PE risk; however, a number of contradictory findings have been reported (Rohacs et al., 1997; Bouba et al., 2003; Galao et al., 2004; Kaur et al., 2005) . The inconsistency of results has been attributed to insufficient statistical power caused by small sample size. Meta-analysis, a powerful approach that pools the results of independent analyses, can increase statistical power and resolution. We, therefore, conducted a comprehensive meta-analysis of all available data regarding the association between ACE I/D gene polymorphism and PE risk in the Chinese women to estimate the strength of genetic association, explore the sources of heterogeneity through predefined sensitivity and subgroup analyses, and discuss the limitations of the studies.
MATERIAL AND METHODS

Literature search and inclusion criteria
Electronic databases such as PubMed, Embase, China Biological Medicine Database, China National Knowledge Infrastructure, and Wanfang were used to search for publications with the key words "preeclampsia (PE) or pregnancy induced hypertension (PIH)" and "angio-tensin converting enzyme or ACE" combined with "gene or variant or polymorphism or allele" with the last update of October 1, 2011. If multiple publications had been produced from the same study population, the report with the largest sample size was selected. Studies that we selected satisfied the following criteria: 1) evaluated the association of PE and the ACE gene 287-bp alu repeat sequence I/D within intron 16; 2) performed a case-control study using a hospital-or population-based design; 3) provided sufficient information on genotype counts between PE patients and controls for estimating odds ratio (OR) and its corresponding 95% confidence interval (95%CI); 4) did not deviate from Hardy-Weinberg equilibrium in controls; and 5) was published in English and Chinese languages and performed in Chinese Han populations.
Extracted information
All articles were reviewed and separately collated by two independent investigators (W.G. Zhong and H. Zhu). Any discrepancies were adjudicated by a discussion until a consensus was reached. The information extracted from each literature study included the first author, year of publication, region, match method, baseline characteristics of the study population, and genotype distribution in patients and controls.
Statistical analysis
The strength of the association between the ACE I/D gene polymorphism and PE was estimated using pooled ORs, with the corresponding 95%CI estimated using the Z-test. The heterogeneity assumption was checked using the chi-square-based Q-test (significance set at P < 0.05). Because the heterogeneity of the studies in our analysis was significant, the pooled OR was estimated using the random-effects model (DerSimonian and Laird method). Studies were also categorized into subgroups based on region and sample size. The statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA) and Review Manager Version 5.0 (Revman, The Cochrane Collaboration, Oxford, UK).
The fail-safe number (N fs ) was used to estimate the publication bias. In this study, the N fs significance was established as follows: N fs 0.05 = (ΣZ / 1.64) 2 -k (where k is the number of articles included in each meta-analysis). The meta-analysis result was considered to have a significant publication bias when N fs was smaller than the number of observed studies.
Sensitivity analysis was undertaken through repeated removal of one study for every iteration to show the impact of that study on the combined effect. Likewise, cumulative analysis was performed according to the ascending date of publication to show how the evidence shifted over time.
RESULTS
Study characteristics and meta-analysis results
In accordance with the inclusion criteria, 11 studies with 800 PE patients and 949 controls were analyzed. The basic characteristics of the study populations are presented in Table  1 . The participants were recruited from 11 cities, among which five were from northern China (Zhu et al., 1998; Huang et al., 2001; Bai et al., 2002; Wu et al., 2002; Chen et al., 2006) and six from southern China (Zhou et al., 1999; Gao et al., 2002; Shang et al., 2003; Mao et al., 2004; Wang et al., 2004; Yan et al., 2011) . For all studies, the genotype distributions of ACE I/D polymorphism satisfied Hardy-Weinberg equilibrium in controls at the level of 0.05. However, the cases in three studies deviated from Hardy-Weinberg equilibrium. The frequencies of the ACE D allele ranged widely from 31.7 to 75.7% in cases and from 28.0 to 81.5% in controls.
Consistent with the considerable variation in study designs, the test for heterogeneity was significant between study differences (P < 0.001). Results of a random effects metaanalysis showed that the D allele was significantly associated with PE (OR = 1.93; 95%CI = 1.19-3.12). Forest plots summarizing the effect of the D allele on PE in each of these studies are shown in Figure 1 .
Sensitivity and cumulative analyses
In the sensitivity analyses, we deleted a single study each time we performed the meta-analysis. No individual study had an undue influence on the summary ORs for all contrasts. To identify the influence of the initial study on subsequent publications, a cumulative meta-analysis was conducted, which revealed substantial instability of the genetic effect over time. The two earliest studies demonstrated the most protective effect, immediately followed by studies published in 2001 and 2002 indicating the most significant results in the opposite direction (Table 2) . Table 2 . Sensitivity and cumulative analyses.
Subgroup analyses
The history of the 5000-year Chinese civilization is a history of diverse ethnic admixture. The genetic background of Chinese Han might differ in southern and northern areas (Deng et al., 2004) . Thus, we divided China into north and south along the Qinling Mountains and Huaihe River. Thereby, in subgroup analyses by geographic area, the magnitude of associations among populations from northern China was even stronger than those among populations in the south (Figure 2A) .
Furthermore, a stratified analysis by study size, evaluated as the number of cases in each study (≤100 and >100), showed a diminished effect as study size increased. A subgroup with a smaller sample size tended to have a larger OR (≤100: OR = 2.33; 95%CI = 1.36-3.99; >100: OR = 0.88; 95%CI = 0.61-1.26; Figure 2B ).
Publication bias
To assess publication bias, we calculated N fs at the level of 0.05 for each contrast. The N fs0.05 values for all contrasts were greater than the number of studies included in the meta-analysis. 
A B DISCUSSION
Through a comprehensive meta-analysis, we report a weak but still significant association of a common variance (I/D) in the ACE gene and PE in Chinese women. The significant test of heterogeneity highlights a number of important differences between the studies that must be considered when interpreting the findings. We thereby undertook sensitivity and subgroup analyses to investigate the underlying causes. Our sensitivity analysis revealed that no individual study had an undue influence on the summary ORs for all contrasts. However, the subgroup analysis showed some interesting results. First, although geographic background does not seem to have obvious influence on the heterogeneity of our analysis, we still found that the association was enhanced among populations from northern China, whereas only a marginal association was detected among subjects from the south. Our results indicated that genetic background as well as varying dietary habits, such as salt consumption, may influence the heredity predisposition for hypertension in the Chinese population (Niu and Qi, 2011) , and the same may be true in PE patents. Considering the relatively small sample sizes of each group in this study, our results should be explained casually, and cannot be directly extrapolated to the contribution of this polymorphism to PE in northern China.
Secondly, the meta-analysis revealed a diminishing summary risk estimate as study size increased. This result is concordant with those of Serrano et al. (2006) , who have noted the presence of small-study bias in the meta-analysis of I/D polymorphism in the ACE gene and PE among populations of varying ethnicities. The overall P value was significant in the present study, however, which is contrary to the finding of Serrano et al. (2006) . Such inconsistency may be explained the by diverse ethnicity involved or the small number of studies with large sample size carried out in the Chinese population. Therefore, further research must be performed in Chinese women to confirm the result.
This meta-analysis should be interpreted within the context of its limitations. First, only published studies were included in the meta-analysis; thus, we cannot exclude the possibility of publication bias, although the results of statistical tests showed it to be unlikely. Second, all of the studies selected were hospital-based, cross-sectional studies, which cannot avoid potential selection bias. Third, in this study we analyzed only the association of I/D polymorphism in the ACE gene with PE and did not evaluate other polymorphisms in this gene and other targeted genes that might contribute to PE, such as angiotensin II type 1 receptor (Salimi et al., 2011) . Last but not least, it has been suggested that both maternal and fetal genetic polymorphism should be considered in studies of the development of PE (Vefring et al., 2010 ), but we meta-analyzed only the data from mothers, which eliminated the few data of fetuses in the included publications.
The current meta-analysis suggested that the D allele of the ACE gene is most likely associated with the susceptibility to PE in Chinese women, whereas significant heterogeneity was evident across individual studies. The subgroup analysis indicated the variation between studies from different regions and with varying sample sizes. Owing to the above-mentioned limitations, the findings should be verified by further research with large sample sizes.
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